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Embedding Sustainability in Lean Six Sigma Efforts

Abstract
The emphasis on the concept of sustainability in businesses and operations is growing either
due to increasing public interest, regulatory pressures, or corporate social responsibility.
However, where and how to integrate sustainability needs further development for broadening its
applications. Using Lean and Six Sigma (LSS) principles in sustainability studies is becoming
popular in research and practice. The common approach in these studies is to identify a
sustainability project followed by current state sustainability performance assessment, and then
work towards improving sustainability performance using LSS tools. The goal of this study was
to develop a model framework to fully embed sustainability into any LSS project building on
current practices. The wide coverage of LSS, its effectiveness record, and its overlap with
sustainability goals establish the foundation for expanding LSS methodology to include
sustainability concepts. The proposed framework is not specific to an industry, but is intended to
be applicable to the wide spectrum of projects where LSS can be applied. Examples were
provided from manufacturing and construction industries in the study. The existing
methodologies are framed to target only sustainability initiatives while the presented framework
aims to integrate sustainability into any type of improvement initiative. Furthermore, existing
methodologies focus almost solely on environmental and economic sustainability, whereas the
presented study includes social dimension too. Both academicians and professionals will benefit
from the presented framework as it provides a different perspective than what is found in
literature enabling broader applications, together with concrete steps and examples
demonstrating its implementation, use, and potential benefits.
Keywords: Sustainability framework; Sustainability assessment; Green; DMAIC; Lean Six
Sigma; Triple Bottom Line

1.Introduction
There continues to be efforts to integrate the concept of sustainability into many aspects of the
businesses and operations either due to increasing public interest, regulatory pressures, or
corporate social responsibility (Bertels et.al., 2010; Cherrafi et.al., 2016b; Garza-Reyes, 2015;
Salem & Deif, 2017; Sezen & Cankaya, 2013;Wong &Wong, 2014). Sustainability is often
defined as a balance between the environmental, economic, and social needs of the present as
well as future generations. While this triple bottom line approach (Elkington, 1994) captures the
three focus areas, the environmental facet of sustainability has been the most addressed
component since the introduction of sustainability as a concept at the global stage. This is no
different in manufacturing. The term green manufacturing, often used interchangeably with the
concept of sustainability, was coined to refer to manufacturing methods and strategies that are
mindful of environmental impacts of production and operations (Deif, 2011). Minimizing
resource use, waste and pollution are the main goals in achieving green manufacturing.
Furthermore, green manufacturing encompasses economic aspects as efficient consumption of
resources results in better economic performance (Deif, 2011; Salem&Deif, 2017). Lean and Six
Sigma methods are used more and more in pursuit of green manufacturing (Freitas et.al., 2017).
Lean generates value by improving process flow and lead-time through identifying and
reducing waste from the process. Six Sigma, on the other hand, creates value through consistent
process output by identifying and reducing variation. Lean Six Sigma (LSS) is a new generation
quality improvement tool that combines the two approaches. Fewer defects and rework, lower
levels of inventory, faster production, less space requirement, less transportation, less waiting
and increased employee motivation are among the benefits of implementing LSS. To this end,
there are significant overlaps among LSS and sustainability in terms of intended goals.
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The literature provides many examples of Lean, Green and Six Sigma integration in efforts to
improve sustainability performance in manufacturing industries. Research in this field also
includes attempts at developing frameworks for seamless integration of the three methods to aid
the success of their implementation. The common approach in these frameworks is to progress
toward sustainability by identifying a project and assessing its current state of sustainability
performance, followed by selecting LSS tools that will help the company increase its
sustainability performance such as reducing environmental waste, emissions, energy, or water
consumption. While such efforts may be deemed to be in the right direction, implementing
sustainability in all facets of business and industry is no longer an option but a necessity and a
strategic imperative for company competitiveness (Garza-Reyes-2015). Therefore, a new
approach is necessary to accelerate sustainability integration. This can be achieved by
embedding sustainability goals into improvement projects such as productivity improvement,
quality improvement, improving logistics, streamlining business operations, or reducing costs.
The transformation will come in the form of small changes that has a focus on improvement in
general but has sustainability as one of its ingredients. Including one or more sustainability goals
in every improvement project, not just in projects solely focusing on sustainability, will increase
the adoption of sustainability metrics and principles. Given the nature of LSS projects, whether
intended or not, almost all produce sustainability improvements as by-product. A comprehensive
literature review by Chugani et.al. (2017) documents the green impact of LSS which include
conservation of resources, energy savings, and reduction in emissions in a sample of 70 articles
from 16 journals. It is the logical next step to systematically embed sustainability goals and
metrics into the LSS framework. Such an approach can piggyback on the success and industry
embracement of Lean Six Sigma to insure wider adoption. The motivation of this research,
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therefore, is to investigate the extent and effectiveness of the infusion of sustainability measures
in LSS improvement projects. In this context, we aim to accomplish the following research
objectives: 1) Develop a framework that captures all three dimensions of sustainability and fully
embeds sustainability goals in any improvement project using Lean Six Sigma; 2) Present the
implementation of this framework in a practical manner; and 3) Provide illustrative examples to
demonstrate its application and identify benefits and challenges. The proposed framework is not
specific to an industry, but is intended to be applicable to the wide spectrum of projects where
LSS can be applied.
2.Terminology
2.1 Sustainability
The most often cited definition of sustainability is development that meets the needs of the
present populations while ensuring to provide the needs of future generations. The statement was
originally coined in 1987 following the publication of a report by the United Nations World
Commission on Environment and Development (WCED), a commission chaired by Gro Harlem
Brundtland, then prime minister of Norway (WCED, 1987), hence the report sometimes being
referred to as the Brundtland report. During the years following the report’s publication, the
concept of sustainable development, later referred to as sustainability, gained international
recognition and attention at the highest levels of governance.
Over the next three decades, there have been multitudes of proposed definitions for
sustainability. The exact wording and the focus of these definitions vary depending on the
context it is used, and the field of science that proposes or embraces the definition (Gatto, 1995;
Johnston, 2007; Missimer, 2015; Morelli, 2011; Souza, 2015). The definition adopted in this
study is the one based on the triple bottom line (TBL) approach (Elkington, 1994), where
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anthropogenic systems and organizations cannot endure over time should there be a weakening
or collapse of any of the three essential elements: environment; economy; and society. It is not
the superiority of one, but rather the balance of the three elements that sustains institutions.
The three pillars of TBL, which are now most commonly referred as social, environmental
and economic, were defined as 3Ps, People, Planet and Profit, in the original TBL study
(Elkington, 1994). The social aspect (People) focuses on the needs of the individual and the
communities, and includes areas such as standards of living, resources for education and jobs,
empowerment, and health and safety; the environmental aspect (Planet) examines activities and
practices related to the use of natural resources, energy consumption, ecological health, and
pollution; and finally, the economic aspect (Profit) covers strategies that promote economic
growth and profits, cost savings, and research and development (Alhaddi, 2015). As discussed
previously, most sustainability efforts capture environmental and economic aspects, and the
social aspect of sustainability is the least considered one (Verrier et.al., 2016).
Beyond the definition, the main implementation challenge of sustainability studies is the
question of assessment (Cinelli et.al., 2014; Khalili et.al., 2015; Santoyo-Castelazo & Azapagic,
2014; Waas et.al., 2014). While there are certain tools such as Life Cycle Assessment (LCA), a
comprehensive tool that captures all three pillars of sustainability is lacking (Finkbeiner et al.
2010). Sustainability studies also lack a structured framework due to the number of diverse
topics that fall under the same term (Cinelli et.al., 2014; Garza-Reyes, 2015). Therefore, while it
is commonly agreed that the concept of sustainability needs to be more integrated into the
mindset and day-to-day operations of institutions, the means in which that is to come about is
still in its infancy and needs further work. The study described herein is an attempt to bring a
structured approach that will facilitate integration and adoption of sustainability in that regard.
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2.2 Lean and Six Sigma
Lean aims to maximize customer satisfaction through eliminating waste from the
organization’s value stream. The seven forms of waste identified in Lean culture are inventory,
movement, motion, rework, waiting, over-processing, and overproduction. The definitions of
these wastes are fairly standard and can be found in the relevant literature. Skills is another form
of waste that was identified later. It occurs when people’s talents, capabilities and knowledge are
underutilized.
Six Sigma is a data driven methodology which focuses on reducing variation. In statistical
terms, Six Sigma implies process output with no more than 3.4 defects in every million
opportunities. Most Six Sigma implementations follow the DMAIC cycle (acronym for Define,
Measure, Analyze, Improve, and Control). DMAIC provides a structured approach to
improvement activities and is a proven framework in gaining significant improvements in
performance.
Improvements achieved through either method also impact sustainability. A comprehensive
literature review by Cherrafi et.al. (2016) lists improved employee moral and commitment,
improved working conditions, better use of human resources, improved employee awareness
about environmental, health and safety issues among the impacts of LSS efforts on social
sustainability. Impacts on economic sustainability include improved profits, increased process
and equipment reliability, and meeting customer expectations, while impacts on environmental
sustainability consist of improved resource efficiency, reduced environmental impacts and
reduced risks for non-compliance. Based on these premises, our study proposes a different
perspective on the use of LSS in sustainability. The current practices start with a sustainability
goal and utilizes LSS in achieving these goals. We suggest looking at the problem from an
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opposite lens, and aim to redefine the lean six sigma cycle to include sustainability goals as part
of the improvement effort at all times.
3.Integration of Lean, Six Sigma and Sustainability – Current State
Literature supports the positive relationship between Lean and environmental sustainability
(Garza-Reyes et.al., 2015; Gupta et.al., 2018; Hartini & Ciptomulyono, 2015; Verrier et.al.,
2016). Improving mass and energy flow in automotive manufacturing operations using Kaizen
approach (Pampanelli et.al., 2014), optimizing the use of natural resources and production output
in a secondary tissue paper and board mill with an emphasis on Kaizen and 5S (Vais et.al., 2006),
improving energy efficiency and reducing environmental impacts in foundry operations using
VSM and 5S (Torielli et.al., 2011), and improving environmental performance of road transport
operations through VSM (Garza-Reyes et.al., 2016) are some examples in which lean methods
were utilized to improve environmental sustainability. Furthermore, organizations including U.S.
Environmental Protection Agency (EPA) and the European Commission advocate use of Lean in
achieving environmental sustainability (EPA 2006, European Commission 2014). After its initial
report titled “The Lean and Environment Toolkit” (2006, revised in 2007), EPA published three
more lean toolkits with specific focus areas, which are chemical waste (2009), energy efficiency
and greenhouse reduction (2011), and water use (2011).
While there is considerable literature on integration of Lean and sustainability, or Lean and
Green as called in manufacturing, solely Six Sigma and sustainability-focused work are not
widespread. Among the few, the DMAIC process is used to reduce environmental impacts of
discharging the produced water in oil fields by removing contaminants (Al-Shamkhani &
Elshennawy, 2013). Calia et.al. (2009) analyzed a performance of a pollution prevention
program in a multinational corporation before and after Six Sigma implementation and showed
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that the implementation of Six Sigma significantly improved the program performance in terms
of the total number of projects completed and the total tones of pollution prevented. Lee et.al.
(2014) developed a Six Sigma based energy management planning procedure to improve energy
efficiency, reduce cost and conserve natural resources. The procedure was based on energy
audits that the authors performed as part of their Industrial Assessment Center (IAC) activities,
and includes sample action plans for energy savings, models to estimate savings, and preventive
maintenance plans to deploy during the control phase.
The studies on the integration of all three methods, Lean, Six Sigma and sustainability, is
further scarce (Freitas et.al., 2017), and this is in line with the conclusions of the few studies that
explored their nexus (Cherrafi et.al., 2016a; Garza-Reyes, 2015; Kumar et.al., 2015). GarzaReyes (2015) developed a conceptual model to integrate Lean, Six Sigma and Green concepts
using DMAIC cycle, and provided a list of LSS tools that can be used in this implementation.
Kumar et.al. (2015) studied the barriers, enablers and critical success factors that are important to
identify for successful implementation of an integrated model. Human resources and
management were the top two ranked critical success factors. Enablers such as providing training,
using a rewarding system, management commitment and leadership, availability of funding and
resources were reported the most important. Lack of technical tools for environmental
management, resistance to change, both from the producer and the supplier, and inadequate
human resources in terms of skills and knowledge in green concepts were listed as the obstacles
that need the most attention. Their work, however, does not provide an implementation
framework. Banawi and Bilec (2014) developed a model to integrate Lean, Six Sigma and Green
to reduce waste associated with construction. While this model is tested in a real environment, it
uses limited number of LSS tools, and only analyze and improve phases of the DMAIC cycle is
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considered in the model. Finally, Cherrafi et.al. (2016a) presented a comprehensive integration
model which was tested in four different industries. Their model, similar to the others, aims to
offer framework for projects that have green scope only.
The following conclusions were drawn from existing studies:
•

The DMAIC and PDCA approaches, Pareto Analysis, cause and effect matrix, VSM,
ANOVA, statistical process control (SPC) and failure mode and effects analysis (FMEA)
are among the frequently referred LSS tools and methods for achieving sustainability goals
in these studies.

• The combination of Lean and Green seems logical as their objectives (waste reduction) are
compatible.
• Lean Six Sigma brings a structured approach and data driven analysis to eliminate or
reduce the sources of variation and waste.
• The environmental performance of sustainability is almost the only dimension of
sustainability addressed in all studies. Excessive use of resources (water, power), pollution,
and gas emissions are the most frequently tackled environmental items.
• Most studies consider economic sustainability as an outcome of improving environmental
sustainability performance.
• Very few discuss social aspect.
• The goal in integration is to apply LSS methodology in sustainability projects to improve
sustainability performance.
Literature suggests that use of LSS in implementing sustainability produces positive outcomes
on environmental and economic performance (Antony et.al., 2017; Chugani et.al., 2017).
However, the implementation is not without challenges. Weak organizational support, lack of
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funds for green projects, lack of organizational resources and uncertain benefits, lack of
implementation strategies, tools and practices are frequently cited barriers for sustainability
studies and sustainability studies with LSS approach (Bhanot et.al., 2015; Cherrafi et.al., 2016b;
Cherrafi et.al., 2017; Kumar et.al., 2015; Mittal&Sangwan, 2014). Embedding sustainability
goals in smaller scale in any LSS project as an alternative to large projects that has sustainability
scope only can aid in overcoming these hurdles.
Moreover, the current focus is confined to the environmental and economic dimensions of the
triple bottom line (TBL), but tends to overlook the social dimension. This approach falls short in
providing effective and long-term sustainability changes. Embracing all three dimensions of TBL
is necessary for all industries and fields including manufacturing for complete implementation of
sustainability. In addition to its high-energy consumption, the manufacturing sector also employs
23% of the worldwide total employment (Bonvoisin et.al., 2017). The attention needed on
working conditions and labor practices alone requires social dimension to be included in
sustainability efforts in manufacturing. The proposed framework provides guidelines on how to
address all three dimensions of TBL in integrating sustainability into everyday operations.
4.Embedding Sustainability into Lean, Six Sigma Efforts
4.1 The Model
Lean Six Sigma has become the most prevalently used approach to process improvement. It
has been adopted across all industries, not just manufacturing, as a successful methodology that
focuses on four key issues: quality, productivity, cost and profitability (Evan&Lindsay, 2015).
The five-step DMAIC process provides a structured approach that incorporates a wide range of
LSS tools in a goal-oriented manner in management and execution of improvement projects. As
indicated in Table 1, each step in the DMAIC process has a particular set of tasks and associated
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tools that start from the definition of the problem to ensuring that the improvements are sustained
(Ismyrlis&Moschidis, 2013; Miguel P.A.C. et.al., 2012; Uluskan, 2016; Uluskan, 2017) .
Table 1 Steps of the DMAIC process together with commonly used LSS tools
DEFINE
MEASURE
ANALYZE
IMPROVE
CONTROL
TASKS
• Develop project
• Establish
• Analyze data to • Develop and
• Verify
charter including
performance
identify sources evaluate
improvements
problem statement,
metrics
of
solutions
• Develop
project goals,
variation/waste • Implement
• Validate
standards and
critical-to-quality
measurement
• Examine the
selected
procedures
requirements, team
system
process to
alternatives
• Develop and
members and
identify root
• Collect data
implement
responsibilities, and • Determine
causes
control plans
resources
process
• Map the process

baseline

• SIPOC

Commonly used LSS Tools
• Key
• Spaghetti
• Prioritization
Performance
diagrams
Matrix
Indicators
• Cause and
• Risk Analysis

• Voice of the
Customer analysis

• Value Stream
Map

Effect diagram • Mistake
• Pareto chart
Proofing

• Stakeholder
analysis

• Check sheets

• 5 Whys

• Histogram

• Kano analysis

• Run chart

• Hypothesis
Testing

• Critical-to-Quality
tree

• Process
Capability

• ANOVA

• House of Quality

• Measurement
System
Analysis

• Regression
analysis

• Project Charter
• Process Map

• Scatter Plots

• Visual
Management

• Control
Charts
• Dashboards
• Audit plans
• Performance
Management

• Design of
Experiments
• Failure Mode
Effects
Analysis
• Standardization

Drawing on the significant gains achieved in process improvement through LSS and its wide
adoption across all industries, integration of sustainability in the DMAIC framework can be a
remedy against lack of implementation strategies, and it will provide tools and practices for
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achieving sustainability goals and encourage wider adoption of sustainability principles into
business practices. This integration starts in the define phase by identifying sustainability
opportunities that can be tied to an improvement project and continues with defining associated
goals and metrics that will allow follow-through in the subsequent phases to achieve the desired
sustainability outcomes. Table 2 outlines the main tasks to carry out in each step to ensure
sustainability efforts are fully embedded in the improvement project and that they are aligned
with the rest of the project goals and efforts. While three phases of the DMAIC process includes
additional steps for embedding sustainability into the project, the remaining steps, analyze and
control, are carried out in a traditional manner.
Table 2 Steps of the DMAIC process and associated tasks as a means to integrate sustainability
STEP
Define

TASK
Identify sustainability indicators and develop one (or more) sustainability goals that
can be linked to the current project

Measure

Develop sustainability metrics for the goals included in the Define step

Analyze

Follow traditional A

Improve
Control

Perform cost-benefit comparison of sustainability solutions if they might impact the
expected project gains negatively
Follow traditional C

The most important task in integrating sustainability in any type of improvement project is to
create the link between sustainability goals of the company and the goals of the improvement
project. For this to be effective and to ensure successful alignment of the goals, it is vital to
determine the sustainability needs and priorities of the company. Therefore, a preliminary step
for any company to undertake a LSS project with sustainability elements is to perform a
sustainability assessment to identify and prioritize sustainability targets for the company with
respect to environmental, social and economic aspects. Such an assessment involves reviewing
12

and evaluating the company’s current sustainability performance, and generates a documentation
of the needs and priorities of the company for the improvement teams to use as a guideline when
developing sustainability goals and metrics for their projects.
An Importance-Impact-Implementation analysis developed for sustainability assessment is
described in the following section. Table 3 lists the common sustainability indicators complied
from literature (Cherrafi et.al., 2016a; Cherrafi et.al., 2016b; Deif, 2011; GRI, 2011; Freitas et.al.,
2017; Resta et.al., 2016; Sutherland et.al., 2016; UNEP, 2016). This list can be modified
depending on the priorities of the company performing the assessment. For example, EPA’s
database of sustainability indicators and indicies (DOSII) that contains more than 2,500
indicators and indices can be used to tailor this table with indicators that are more relevant to
specific sustainability interests (EPA, 2014). Table 4 shows the assessment matrix used in this
approach and presents a few numerical examples. In real-life implementation, a company would
assess all of the sustainability indicators included in the assessment matrix.
Table 3 Common sustainability indicators selected from literature
Sustainability Dimension/Indicator
Environmental
Social
Economic
Energy
Health and Safety
Consumption patterns
efficiency/consumption
Efficient Use of Natural
Standard of Living
Distribution of wealth
Resources
Pollution Prevention Research and development (New
Education and skills
emissions to air
processes and products, technology)
Pollution Prevention Employment (retention,
Revenue generation
emissions to water
loss of talent)
Pollution Prevention Community
Smart Growth
emissions to land
Waste Management
Diversity and Equity
Efficient use of materials Identity
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Sustainability importance-impact-implementation analysis
First, sustainability indicators are ranked based on importance, impact and implementation
criteria as shown in the assessment matrix in Table 4. Importance ranking is done according to
the relevance of the indicator to the company operations. A score of 5 in the importance category
indicates that the item is significantly relevant to business operations. Impact ranking evaluates
the gains expected. A score of 5 in the impact category denotes that the business will realize
significant gains if improvements are achieved. Finally, implementation ranking scores the
difficulty of implementation. A score of 5 in the implementation category shows that the item is
easy to tackle. For example, the scoring for the indicator energy efficiency/consumption in Table
4 reveals that this indicator is very relevant to company operations (5) and if improvements are
achieved in this category significant gains are expected (5). Nevertheless, the implementation of
energy related activities are difficult (1). On the other hand, the indicator research and
development shows that while the company could gain from research and development (3), its
relevance to business operations are not high (2). However, the implementation of research and
development related activates is not challenging (4).
Another example is where an indicator might be very important to the company and also be
very difficult to implement, but not much gain could be achieved. The indicator with scorings
(5,1,1) would fall into this case. Another case is where the indicator may not be important yet
could be fairly straightforward to implement and decent gains can be expected. The indicators
with scorings (1,3,4) would represent this case. Education and skills and diversity and equity in
Table 4 represent such scenarios.
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Table 4 An example Importance-Impact-Implementation analysis for sustainability assessment
Importance Impact
(1=least
(1=least Implementation
Sustainability
Indicators
important;
impact; (1=most difficult;
Dimension
5-most
5=most 5=least difficult)
important)
impact
Energy efficiency/consumption
5
5
1
Efficient Use of Natural
2
1
1
Resources
Pollution Prevention - emissions
to air
Environmental Pollution Prevention - emissions
to water
Pollution Prevention - emissions
to land
Waste Management
Efficient use of materials
Health and Safety
Standard of Living
Education and skills
5
1
1
Employment
5
5
3
(retention, loss of talent)
Social
Community
Diversity and Equity
1
3
4
Identity
Inclusion
Consumption patterns
Distribution of wealth
Research and development
Economic
(New processes and products,
2
3
4
technology)
Revenue generation
Smart Growth
After sustainability assessment matrix is completed, a visual mapping such as the one shown
in Figure 1 is developed to help improvement teams in their selection of sustainability indicators
in their projects. The x-axis in this chart shows the importance of the indicator, and the y-axis
shows impact. The size of the circles represents the difficulty in implementation. The selection of
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indicators will depend on the nature of the improvement project, however, as a rule of thumb, the
teams should focus on larger circles first, and simultaneously consider the items in higher
priority regions.

Figure 1 Sustainability indicators priority chart
Define & Measure:
Every improvement project following the DMAIC approach starts with developing a project
charter. The project charter is a written document that provides a consolidated summary of the
project typically including problem definition, background and purpose, scope, team
composition, timeline, performance measures and deliverables. The project charter is the
roadmap for the project and keeps teams focused on generating results that are aligned with the
project goals. Therefore, define phase is a vital step in embedding sustainability goals into the
improvement activities and into the project charter.
The first activity in integrating sustainability is to select sustainability indicators that can be
linked to the project goal(s). This is where the visual mapping of sustainability assessment
(Figure 1) will steer the efforts.
After the sustainability indictor(s) is selected, sustainability goals and metrics have to be
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added to the project. In some cases sustainability goals will already be in alignment with the
project goals. In other words, the LSS project goal can be a sustainability goal even if it is not
labeled as one. In other cases, additional goals will be added to the project to cover a
sustainability aspect.
For developing sustainability goals and metrics, we adopted Donabedian’s Triad of quality
indicators for examining health services and evaluating quality of health care (Donabedian,
1966). In his widely accepted healthcare measurement model, Donabedian suggests three
measurement categories to represent different characteristics of healthcare services: structure,
process and outcomes. The structure measures evaluate the adequacy of the environment and
include items such as facilities, equipment, procedures, human resources, and leadership. The
process measures assess the quality of activities, i.e. whether they are performed satisfactorily,
such as the level of compliance to existing policies, accuracy of diagnosis, etc. Finally, the
outcomes measures evaluate the results such as patient experience, complication rates, and
mortality rate. An example structure, process, outcome measurement of healthcare services
involving CT-scan would be having proper CT-scan equipment available (structure); performing
CT-scan to all patients arrive with a head trauma (process); and re-admission rate of patients
with head injuries who received CT-scans (outcome). When CT-scan related quality issues are
studied, the findings might show that the hospital has the proper equipment, but the employees
may not be following the procedures. In such cases the improvement focus will be on the process.
Alternatively, the study result might indicate that the equipment is available, and the policies and
procedures are followed, but the re-admission rates are high. This will steer the improvement
team to other parts of the system for further investigation. Together these three measures help
observe quality issues in a more comprehensive manner and guide the improvement process.
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This comprehensive view inherit in the Donabedian framework can help overcome the issues in
implementation of sustainability including the almost sole focus on environmental and economic
aspects and overlook on social sustainability. Assessing the success of implementation not only
using the outcome measures, but also by evaluating the structure and process outcomes will also
ensure capturing potential issues that might hinder the long-term survival of sustainability
improvements achieved.
To demonstrate the integration of sustainability indicators into improvement projects and the
use of structure-process-outcomes measures approach to develop sustainability goals and metrics,
we selected four studies from the literature that follow DMAIC approach for process
improvement. The studies were implemented in different industry or settings, namely healthcare,
manufacturing, and construction. The second row in each section of Table 5 shows the project
goals and metrics as reported in these studies, the four columns below the second row show the
proposed sustainability indicator(s) linked to the project, and the example structure, process and
outcome measures that could be used to evaluate the sustainability performance.
As discussed above, the structure-process-outcomes measures approach helps to identify the
areas for improvement in a more comprehensive manner. For example, in the hospital discharge
case listed in Table 5, the improvement in sustainability performance may come from
establishing more patient-centered policies if the structure measure happens to be the weak area.
If the patient-centered policies are already in place, but the documentation process described
under process measure is not followed consistently, then the focus would be on how to ensure
staff’s completion of the community support sections in the discharge process. Finally, if the
problem area is the outcomes, this means that the hospital has patient centered policies, and the
staff follows the prescribed discharge process by documenting the available community support
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services, nevertheless some of the patients do not receive this information upon their discharge
from the hospital. In this case, an investigation to discover the breakage points between the
documentation and the actual discharge should be performed. This comprehensive assessment
approach not only helps linking sustainability goals into the improvement projects, but also
ensures the measures exist to guide how to achieve the goals.
Table 5 Goals and Outcomes Mapping – Examples
Study 1: “Improving the Hospital Discharge Process with Six Sigma Methods”, (Allen et.al., 2010)
Project Goal: Streamline the hospital discharge process
Measurable Goals: Reduce average discharge time; Reduce missing chart data
Sustainability
Indicator

Structure
(Resources)

Process
(Delivery)

Outcomes
(Results)

• Community

• Patient-centered

• Documentation

• Percentage

(social)

policies

of
discharge patients’
community support

of discharge
patients provided with
information on community
based support resources

Study 2: “Applying Lean Six Sigma to Reduce Linen Loss in an Acute Care Hospital”, (Furterer,
2011)
Project Goal: Evaluate the laundry/linen distribution operations to identify improvement
opportunities
Measurable Goals: Reduce the amount of replacement linen; Reduce linen loss
Sustainability
Indicator

Structure
(Resources)

Process
(Delivery)

Outcomes
(Results)

• Efficient

• Materials

• Use

• Percentage

• Visual

• Percentage

use of

materials
(environmental)
• Education

and
skills (social)

(linen)
management
system

• Materials

management
personnel

of dirty linen
containers
displays of linen
policies and procedures

of linens
disposed incorrectly
of employees
trained in linen usage
policies and procedures
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Table 5 (cont’d) Goals and Outcomes Mapping – Examples
Study 3: “A Six Sigma and DMAIC Application for the Reduction of Defects in a Rubber Gloves
Manufacturing Process”, (Jirasukpraset et. al., 2013)
Project Goal: Improve product quality and increase customer satisfaction for rubber
manufacturing organization
Measurable Goals: Reduce defect percentage on “medium” size rubber gloves; Reduce the
number of defects for two types of defects (leaking and dirty)
Sustainability
Indicator

Structure
(Resources)

Process
(Delivery)

Outcomes
(Results)

• Health

• Company

• Periodic

• Number

• Following

• Levels

and Safety

(social)
• Pollution

prevention
– emission to water
(environmental)

• Efficient

use of
natural resources
(environmental)

• Energy

efficiency
(environmental)

policies
on contamination
(dusts, fumes,
chemical
byproducts) in work
environment

• Wastewater

management system
• Water

and energy
use monitoring
system

health
check-ups for
workers

of workers with
cancers due to
occupational exposure
of hazardous
chemical in treated
wastewater

wastewater
treatment practices
• Following

energy

• Amount

and water
conservation
practices

of water, energy

usage

Study 4: “Reducing Welding Defects in Turnaround Projects: A Lean Six Sigma Case Study”,
(Anderson&Kovach, 2014)
Project Goal: Reduce unexpected downtime in turnaround projects
Measurable Goals: Reduce the average weld repair rate
Sustainability
Indicator

Structure
(Resources)

Process
(Delivery)

Outcomes
(Results)

• Health

• Company

• Documentation

• Percentage

• Percentage

• Percentage

and Safety

(social)
• Education

and skills

(social)
• Pollution

prevention
– emission to air
(environmental)

• Energy

efficiency
(environmental)

policies
on hazardous
materials

• Energy

use
monitoring system

of
health effects of
welding material
(gases and fumes)
of welders
that are ranked by
American Welding
Society classifications

• Energy

conservation
practices

of substitute
material used to
minimize the hazards
of welding material
of welders
trained to improve skill
levels

• Amount

of energy

usage
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The measure phase also involves creating detailed process maps to understand how it is
currently performed and to guide the data collection process for the metrics identified. In some
cases the detailed process map has to be generated first to be able to fully define the process
metrics. In others cases, the process metrics can be determined based on the knowledge of the
process and the problem that the team wants to address before a detailed map is generated. In
either approach, the sustainability indictors and goals have to be added to the detailed process
map so that they are visible and recognizable to the team members. Value stream maps (VSM) is
one of the most commonly used visual representation of a process in LSS implementation. The
VSM shows the specific activities occurring in the process. It includes process steps, flow of
materials and information, inventory points, shipments, and removal of materials. The VSM also
includes data about the process step such as cycle time, set up time, uptime, lot size, and the
number of operators. It is especially useful in identifying waste, also known as non-value added
activities, in the process. The sustainability indicators can be added to the VSM in three ways: 1)
as a kaizen event, 2) in the timeline, and 3) as part of the data box. Figure 2 shows a sample
VSM with the possible locations for integration of sustainability indicators and goals. In this
VSM, the kazien event focuses on energy usage, while the water usage is monitored throughout
the process in the timeline and the number of trained employees are captured for each process
step in the data box. In the case of traditional process maps, the sustainability indicator and goals
can be added by color-coding the process blocks.
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1) as a kaizen
event

2) in the
timeline
3) as part of
data line

Figure 2 Value Stream Map - Sustainability adoption
Analyze:
After sustainability mapping into the improvement project is complete, the analyze phase is
conducted in usual manner to identify the sources of variation and waste, and to examine the
process to identify root causes. Process analysis and data analysis (statistical and graphical) can
be done to identify process points with opportunities for sustainability improvement with respect
to the structure-process-outcomes metrics defined in the previous steps.
Improve:
The final non-traditional step in embedding sustainability into LSS is to perform cost-benefit
comparison of sustainability solutions. This step is performed only if the recommended solutions
to improve the sustainability metrics deteriorate the expected impact of the LSS project has it
been conducted as a process improvement activity alone. In the cases for which the
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recommended sustainability solutions require financial investment such as installing a waste
management system to achieve pollution prevention, one can argue that sustainability efforts will
always negatively impact the project outcomes. However, as noted before, sustainability is now a
strategic imperative for company competitiveness, therefore, sustainability benefit assessment
should not be based on financial numbers alone.
The most commonly listed benefits of sustainability to businesses are lower operating cost
and increased profitability, employee engagement and satisfaction, public appeal and market
opportunity, talent acquisition and retention, better management of business risks, access to
capital and investors, and tax incentives (UNEP, 2016). A comprehensive cost-benefit
comparison of sustainability solutions would include items such as the ones shown in Figure 3.

Figure 3 Sustainability cost-benefit elements
To evaluate a particular solution a bar chart can be generated by ranking each cost and
benefit item on a 1 to 5 scale where 5 shows the most impact. Then, a decision on whether or not
to implement the recommended solution can be made based on the expected gains and losses.
The example bar chart, shown in Figure 4, was created for a sustainability solution generated for
the rubber glove manufacturing case listed in Table 5. The recommended solution is repairing
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leaks and reducing intake in temperature of compressed air system through preventive
maintenance and process equipment modification. The expected benefits are reduction in
electricity usage, compressed air and GHG emissions.

Figure 4 Sustainability Solution Assessment
Control:
Control phase focuses on maintaining the gains of improvement, and involves developing
and executing control plans. Statistical process control methods, standard operating procedures,
visual process control tools, and training plans are most commonly used tools in this phase and
can be applied to sustainability activities completed in the previous phases. The control for the
compressed air system solution discussed above, for example, may involve development of
maintenance and training manuals for the operators to perform timely and adequate maintenance
of equipment.
4.2 Essentials and Insights of the Model
As it can be seen in the examples in Table 5, environmental sustainability naturally aligns
with improvement activities in good-producing industries, in this case manufacturing and
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construction. Elimination of defects leads to reduction in rework, which inherently uses more
materials and energy than necessary. Hence, in tackling rework issues, use of materials and
energy efficiency can always be included in the improvement project scope. This practice will
not require more organizational resources, and furthermore, will help raise employee awareness
of sustainability. Other environmental sustainability indicators, such as waste management and
pollution prevention, also align well with improvement activities in these industries; however,
they will require more resources than the resources improvement project needs alone. Compared
to environmental indicators, mapping social sustainability indicators in these types of industries
is more challenging mainly as their inclusion will enlarge the scope of the project and will
require more organizational resources. More importantly though, inclusion of social
sustainability indicators will require knowledge and practice that goes beyond field specific
expertise.
In service industries, the situation is almost the opposite, i.e. it is less challenging to link
social sustainability indicators to improvement projects than integrating environmental
sustainability indicators. This is because service industries are more labor-intensive and the
services provided can impact larger populations such as in healthcare, education, banking and
government. Nevertheless, some goals and metrics will naturally align with the project goals and
will not require additional resources, but others may not be as straightforward to link. For
example, in the linen loss project, training employees in linen usage policies and procedures and
increasing linen awareness were part of the improvement efforts that targeted the original project
goals. Healthcare linen is a critical focus of the healthcare industry because of its impact on
quality and cost. Hence, the project outcomes not only helped the hospital to address linen
related issues but also allowed to impact individuals’ development. On the other hand, in
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streamlining the hospital discharge process example, the social sustainability indicator and the
related measures identified, which are targeting community support resources, did not directly
correspond to any improvement activity or outcome that was in the original project. This
scenario expands the scope of the project and requires additional work.
Studies in Table 5 show examples of embedding environmental and social sustainability
indictors into LSS efforts explicitly, but do not address economic sustainability indictors. This is
not because the approach fails to function in this area, but rather due to the dimension of
sustainability in question. Economic sustainability refers to practices that support long-term
economic growth without compromising other dimensions of sustainability. Many social and
environmental sustainability efforts have economic sustainability as an outcome either directly or
indirectly. Recycling, energy conservation, hiring, purchasing, community contributions such as
providing job opportunities and supporting educational institutions are some examples.
Aside from linking sustainability indicators to the improvement project and its impacts on
project scope and resource requirements, issues that exist in embedding sustainability into
organizational culture will too have an effect on the implementation of the model. Support and
commitment from top management, team building, and motivation are still important factors to
consider (Bertels et.al., 2010; Kumar et.al., 2015). Furthermore, the effective implementation of
this model requires LSS practitioners trained in sustainability. Including a sustainability expert
from the company in the LSS project team might be an alternative approach to address this issue.
Finally, the control phase activities might involve monitoring plans with longer timelines as
some of the sustainability metrics might not be measured in short term.
5. Conclusions, Limitations and Future Work
There is general agreement that the concept of sustainability needs to be more integrated into

26

the operations of businesses and institutions, either due to increasing public interest, regulatory
pressures, or corporate social responsibility. However, the means in which that is to come about
needs further work for it to be broadly applicable. The study presented herein is an attempt to
bring a structured approach, a model framework that will facilitate integration and adoption of
sustainability in that regard. This framework redefines the lean six sigma cycle (DMAIC) to
include sustainability goals as part of the improvement effort at all times. Through illustrated
examples from manufacturing, healthcare and constructions we show that the proposed
framework is not specific to any industrial sector but rather is a generic framework applicable to
all types of organizations and industries, and that tangible benefits can be achieved by
embedding sustainability into LSS projects.
The main contributions of this work are the novelty of the approach presented. Existing
frameworks start with a sustainability goal and utilize LSS in achieving these goals. Furthermore,
their focus almost solely on environmental sustainability. The presented study aims to address
the environmental, social, and economic aspects of sustainability as well as broaden its
application by embedding sustainability goals in any LSS improvement project. Both
academicians and professionals will benefit from the presented framework as it provides a
different perspective than what is found in literature enabling broader applications, together with
concrete steps and examples demonstrating its implementation, use, and potential benefits.
The major limitation of this study is that the application of the proposed framework is based
on four case studies taken from the literature. Testing the framework using more case studies,
and furthermore implementing in real-cases could strengthen our findings. These limitations
provide the direction for our future work.
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